Abstract: Microwave-promoted efficient synthesis of a (Z)-3-methyleneisoindolin-1-one library from 2-bromobenzamides and terminal alkynes using Cu(OAc) 2 •H 2 O/DBU is described. Various benzamide substituents, ring substitutions, including heteroaryl, aryl acetylenes and aliphatic alkynes, could be applied to afford the desired products in good to moderate yield with high stereoselectivity. It is noteworthy that DBU maybe play a dual role as not only the base, but also as a ligand for copper. The reaction is catalyzed by the complex of Cu(OAc) 2 •H 2 O and DBU without other additives.
Introduction
3-Methyleneisoindolin-1-one is an important scaffold that is present in a number of natural products and biologically active compounds ( Figure 1 ). For example, the alkaloid fumaridine is a secophthalide-isoquinoline ene-lactam [1] . DN-2574 is an isoindoloquinoline derivative used as a cognition enhancing agent [2] . Additionally, a 3-methyleneisoindolin-1-one is a key intermediate in the total synthesis of lennoxamine [3] . There are several methods available for the synthesis of 3-methyleneisoindolin-1-ones. General methods rely on the Wittig reaction [4] , nucleophilic additions of organometallic reagents to phthalimides followed by dehydration [5] , Horner-Wadsworth-Emmons condensation of 3-(diphenyl-phosphinoyl)isoindolin-1-ones with aldehydes [6, 7] , base promoted nucleophilic additions to benzonitrile derivatives [8, 9] , dimethyl isoindolin-1-one-3-yl-phosphonates followed by a Horner reaction [10] or photodecarboxylative addition of carboxylates to phthalimides [11] . In recent years, efficient approaches based on palladium-mediated cyclization reactions have been reported [12] [13] [14] [15] [16] [17] [18] [19] [20] . Ma et al. [21] reported a CuI/L-proline-catalyzed domino reaction to form 3-methyleneisoindolin-1-ones. The desired products were formed at 85-110 °C for 24-48 h, L-proline had to be used as a ligand and K 2 CO 3 was used as base. However, most of these methods are not suitable for parallel synthesis to obtain large numbers of (Z)-3-methyleneisoindolin-1-ones analogues for drug discovery research. As part of our ongoing drug discovery research, we required a facile route to prepare a library of (Z)-3-methyleneisoindolin-1-ones.
Therefore, we investigated an efficient parallel synthesis of (Z)-3-methyleneisoindolin-1-ones from 2-bromobenzamides and terminal alkynes in a stereoselective manner through a Cu(OAc) 2 ·H 2 O/DBU catalyzed domino reaction under microwave irradiation. As microwave-assisted synthesis has become a powerful tool with the potential to improve the yields and dramatically shorten reaction times [22, 23] , there are several advantages to this method: (i) simple use of inexpensive complex of Cu(OAc) 2 •H 2 O with DBU, without other additives, (ii) the reaction is not sensitive to water, (iii) environmentally-friendly EtOH as the solvent, (iv) remarkably short reaction time, only 20 min being needed, (v) moderate to high yields with high stereoselectivity, only Z-isomers were obtained as product, and (vi), a broader substrate scope accommodating various benzamide substituents, aromatic rings including heteroaryl substitutions, aryl acetylenes and aliphatic alkynes were used. Therefore, this method are suitable to synthesize (Z)-3-methyleneisoindolin-1-one libraries efficiently and conveniently.
Results and Discussion
In order to develop an efficient methodology for the synthesis of a (Z)-3-methyleneisoindolin-1-one library, N-benzyl-2-bromobenzamide 1{1} and phenylacetylene 2{1} were used as representative reactants for optimization of the reaction conditions (Scheme 1). Various catalysts, bases, solvents, temperatures and reaction times were investigated (Table 1) . Firstly, we compared the system of CuI and Cu(OAc) 2 •H 2 O as catalyst, the result showed that the Cu(OAc) 2 •H 2 O under microwave irradiation was better than the CuI system ( Utilizing the above optimized conditions, a library of (Z)-3-methyleneisoindolin-1-ones was designed and synthesized. Firstly, electronic and steric effects of various N-substituents on the 2-bromobenzamides were explored (Scheme 2). Both aromatic and aliphatic substituents were tolerated in the reaction (Table 2 , entry 2-10). N-benzyl-substituted-2-bromobenzamides gave better yields than N-aryl-substituted-2-bromobenzamides ( Table 2 , entries 2-8). For the primary amide (R 1 = H), the desired product was also obtained in moderate yield (Table 2 , entry 1). (Z)-N-ethylheteroaryl 3-benzylideneisoindolin-1-ones could also be obtained with good yields (Table 2 , entries 9-10). Next, we explored the scope of substituents tolerated on the aromatic ring of the aryl bromides (Scheme 3). Good yields could be obtained regardless of the nature of the substituent (Table 3 , entries 1-4). Heteroaryl bromide was also found to provide desired product in moderate yield (Table 3 , entry 5). In addition, different arylacetylenes and aliphatic alkynes were chosen to investigate the reaction scope (Scheme 4). When the triple bond was substituted with an aromatic ring, the reaction afforded better yields than that substituted with an aliphatic group. Specially, 3-methylphenyl substitution of the acetylene provided excellent result (Table 4 , entry 2). 4-Fluorophenylacetylene also provided the desired product in good yield (Table 4 , entry 1). Aliphatic alkynes with steric hindrance afforded the desired product in lesser yield than arylacetylenes ( All products were isolated in high purity and the process was highly stereoselective. All compounds were confirmed to be Z-isomers. The geometry of unpublished compounds was established via NOESY studies.
The possible reaction mechanism was shown in Scheme 5. The first step is likely to be the Sonogashira coupling reaction [24] . The second step involves copper coordination to the triple bond, followed by intramolecular hydroamination of the triple bond, and protodemetalation to form the desired substituted 3-methyleneisoindolin-1-one. DBU might act as ligand and base in the reaction.
Experimental

General
Proton ( 1 H-) and carbon ( 13 C-) NMR spectra were recorded on a Varian AMX-300 spectrometer at 300 MHz and 100 MHz, respectively. Chemical shifts (δ) are reported in parts per million (ppm). Chloroform-d was used as an internal standard. Data are reported as follows: (s = singlet; d = doublet; t = triplet; q = quartet; m = multiplet; dd = doublet of doublets; br = broad). Mass spectra were carried out in EI or ESI mode. High and low resolution mass spectra were recorded on a Finnigan MAT-95 and Finnigan LCQ-Dea-XP spectrometers. Infrared (IR) spectra were obtained on a Nicolet Magan 750 FT-IR spectrometer. Analytical TLC was performed on pre-coated silica gel 60F-254 plates. Microwave-assisted synthesis was carried out in an Initiator single-mode microwave synthesizer (Biotage, Uppsala, Sweden), equipped with an internal probe that monitors reaction temperature and pressure, and maintains the desired temperature by computer control. Reactions were conducted in 5 mL sealed vials.
General Procedure for the Preparation of (Z)-3-Methyleneisoindolin-1-ones
Compound 2{1} (0.75 mmol) was added to the mixture of Cu(OAc) 2 •H 2 O (30 mg, 0.15 mmol), DBU (293 μL, 2.00 mmol) and compound 1{1} (0.50 mmol) in EtOH (1.00 mL). The reaction vessel was sealed and the reaction mixture was stirred at 130 °C for 20 min under microwave irradiation. After cooling, the mixture was diluted with EtOAc. The organic layer separated and washed with 1 N HCl, brine, dried over anhydrous Na 2 SO 4 . After evaporation under vacuum, the residue was purified by flash column chromatography (petroleum ether/ethyl acetate = 20/1-10/1) to afford the desired product. [21] . 
(Z)-2-Benzyl-3-benzylideneisoindolin-1-one (3{1})
(Z)-2-(3-Fluorobenzyl)-3-benzylideneisoindolin-1-one (3{3}).
Conclusions
In conclusion, we have developed a practical and convenient protocol for the preparation of (Z)-3-methyleneisoindolin-1-one libraries. Especially, only Z-isomers were obtained. This domino reaction is efficiently promoted by easily available Cu(OAc) 2 •H 2 O in the presence of DBU under microwave irradiation. Environmentally friendly EtOH was used as solvent. Various benzamide substituents, and ring substitutions including heteroaryl, aryl acetylenes and aliphatic alkynes could be applied to afford thre desired products in good to moderate yield with high stereoselectivity and high purity. Short reaction times and simple reaction conditions make this method suitable for the synthesis of (Z)-3-methyleneisoindolin-1-one libraries for biological and medicinal chemistry.
